Objective: To investigate the prevalence of anaemia and iron de®ciency among adolescent schoolgirls in periurban Bangladesh, and to identify various factors associated with anaemia in this population. Design: A cross-sectional design. Setting: Girls' high schools in ®ve sub-districts of Dhaka. Subjects: Adolescent girls (n 548) aged 11 ± 16 y from nine schools in Dhaka district participated in the study. Socio-economic, anthropometric and dietary information were collected. Blood haemoglobin (Hb), serum iron, total iron binding capacity (TIBC), transferrin saturation (TS), serum ferritin (SF) and serum retinol (vitamin A) were determined. Results: The prevalence of anaemia (Hb`120 gal) among the participants was 27%. Seventeen percent had depleted iron stores (SF`12 mgal). Of all anaemic girls, 32% had iron de®ciency anaemia (Hb`120 gal and SF`12 mgal). When the girls were classi®ed by serum vitamin A, the third with the lowest serum retinol levels had signi®cantly lower Hb and SF levels. Signi®cant positive correlations were observed between Hb and serum iron, TS, SF and retinol, while there was a negative correlation with serum TIBC. Occupancy, frequency of consumption of large ®sh, serum iron, TIBC, TS, SF and serum vitamin A were strongly related to Hb by multiple regression analysis. For 1 mgal change in SF concentration, there was a 0.046 gal change in Hb, when adjusted for all other factors. Conclusion: Anaemia among these adolescent schoolgirls in peri-urban Bangladesh cannot be explained by iron de®ciency alone, and other causes may also exist in this population. Descriptors: iron de®ciency; anaemia; adolescent girls; serum ferritin; serum vitamin A
Introduction
Anaemia affects more than a billion people in the world (Viteri, 1994) . It is generally believed that at least half of anaemia worldwide is due to nutritional iron de®ciency (WHO, 1996) . Other possibly important causes of nutritional anaemia in addition to iron de®ciency include de®-ciencies of folic acid, vitamin B 12 and vitamin A (WHO, 1972; Mejia, 1992) . Non-nutritional causes of anaemia, such as haemorrhage, infection and genetic disorders may also be extremely important (INACGaWHO, 1989; Linpisarn et al, 1996) .
Iron de®ciency anaemia has serious health consequences, especially for young children and women. Anaemic pregnant women are at greater risk of death during the perinatal period (Viteri, 1994) . A de®cient intra-uterine blood supply to the foetus due to iron de®ciency anaemia during pregnancy may result in premature labour, still birth, abnormal labour (Goltner, 1975) and perhaps lower foetal weight (WHO, 1975) . More insidious social costs of iron de®ciency are limitation in intellectual development in children (Pollitt et al, 1989) and impaired work performance in adults (Edgerton et al, 1979) , which together constrain social and economic development.
The national vitamin A survey in 1997 ± 1998 revealed the prevalence of anaemia to be 43% in girls aged 11 ± 16 y and 45% in women of child bearing age in rural Bangladesh (HKIaIPHN, 1999a) . However, data on the causes of anaemia and the proportion which can be directly attributed to iron de®ciency among Bangladeshi population are scarce (Ahmed, 2000) . In a study in urban school girls, we observed a negative correlation between serum total iron binding capacity and haemoglobin level, suggesting that a signi®cant proportion of anaemia might be related to iron de®ciency (Ahmed et al, 1996) . Further, there was evidence of association between serum levels of vitamin A and iron indicators (Ahmed et al, 1996) . Studies in other countries have also reported similar ®ndings (Bloem et al, 1989; Suharno et al, 1992; Wolde-Gebriel et al, 1993) . There has been a suggestion that vitamin A exerts an in¯uence on the metabolic availability of iron, and hence haemoglobin formation (Mejia, 1992) . The national vitamin A survey of Bangladesh in 1997 ± 1998 showed that nearly 47% of rural girls aged 11 ± 16 y had less than adequate levels of serum vitamin A (`1.05 mmolal), with 11.6% having sub-clinical de®ciency (serum retinol`0.7 mmolal, HKIaIPHN, 1999b) .
Adolescence is a critical stage of life for physical growth and sexual development (Dreizen et al, 1967) . It is well documented that the growth velocity during adolescence is slower in undernourished populations (Eveleth and Tanner, 1990) , giving rise to cephalopelvic disproportion which, in the adolescents who become pregnant, is related to increased maternal and foetal mortality (Harrison et al, 1985) . It has also been suggested that iron is an essential nutrient for skeletal growth (Herbeth et al, 1991) and, thus, iron de®ciency may be a limiting factor for growth during adolescence (Brabin and Brabin, 1992) . In Bangladesh, almost a quarter of the total population are adolescents. In a society such as Bangladesh where the ®rst pregnancy is likely to occur before adolescence is completed, the physical growth of girls during adolescence may have critical effect on their capacity for successful pregnancies. The present study was designed to investigate the prevalence of anaemia and iron de®ciency among adolescent schoolgirls in peri-urban Bangladesh, and to identify factors associated with anaemia in this population.
Subjects and methods
The study group consisted of 548 girls aged 11 ± 16 y, who were students of grades VI ± X in nine different high schools for girls in ®ve sub-districts of Dhaka district. Two schools were selected from all but one of the ®ve sub-districts. Twelve girls were selected from each class by random sampling. Thus, 60 girls from each school and 120 from each sub-district were selected. In one sub-district with only one girls' high school, all the 120 girls were selected from the same school by randomly selecting 24 students from each class. The purpose of the study was explained to the administration of each school and to subjects and their parents. Only girls who obtained written parental consent were included. The response rate varied from 80 to 95% in each school, and the study was conducted during September to November 1996. The ethical committee of the ICDDR, B: Centre for Health and Population Research approved the study.
Questionnaire and sample collection A questionnaire was developed to obtain information on the socio-economic conditions, personal characteristics and current morbidity. Parents were asked about family size, income, their academic quali®cations and occupation, housing conditions and cultivable land holdings. Personal characteristics and current morbidity of the subjects were collected by interviewing the subjects. Morbidity data were restricted to diarrhoea, respiratory tract infection and fever in the previous 2 weeks. A 7 day food frequency questionnaire on selected foods was used to obtain the dietary pattern of the participants. Fish intake was categorized as large and small ®sh.
Anthropometric data and a sample of 5.0 ml venous blood were collected from each subject on the same day. An aliquot of the blood was placed immediately in a test tube containing Drabkin's solution for haemoglobin estimation. The rest of the blood specimen was taken in a deionized centrifuge tube and kept in an icebox, then transferred to the laboratory within 6 h, where serum was separated by centrifugation and kept frozen at À20 C until analysis.
Anthropometric and biochemical measurements
Body weight was taken to the nearest 100 g. The girls were weighed barefoot, with school uniform on. The school uniform was weighed later (average weight was 0.5 kg) and the value subtracted from the measured weight to provide the recorded weight. The height was measured barefoot to the nearest 0.1 cm. Weight and height were measured on a combined height ± weight scale (Detecto-Medic; Detecto Scales Inc., Webb City, MO). The percentage of median and Z-scores for weight-forage and height-for-age were calculated using the`Anthro' package based on United States National Center for Health Statistics (NCHS) reference data (CDCaWHO, 1990) . Stunting was determined on the basis of height-for-age below the third percentile, using a 6 month age bracket (WHO, 1995) , of the NCHS reference data (NCHS, 1976) . Wasting, or thinness, was de®ned by body mass index (BMI) for age using a cut-off value below the ®fth percentile, by a 12 month age bracket (WHO, 1995) .
Haemoglobin (Hb) concentration was quanti®ed by the cyanomethaemoglobin method, and serum iron and total iron binding capacity (TIBC) were determined without deproteinization by the bathophenanthroline method using commercial kits (Boehringer Mannheim, Germany). Serum transferrin saturation (TS) was calculated from serum iron and TIBC values. Measurement of serum ferritin (SF) was performed by enzyme linked immunosorbant assay (Genzyme, California, USA). Serum vitamin A (retinol) was determined by the HPLC procedure as described elsewhere (Ahmed et al, 1997) .
Statistical analysis
Univariate analysis consisted of simple frequency distribution of selected variables. Data are presented as mean + standard deviation. Anaemia was identi®ed according to the WHO criterion, ie Hb level`120 gal (WHO, 1972) . The prevalence of various degrees of iron de®ciency was determined by the following criteria: low iron stores were characterized as those having a normal Hb and SF 12 ± 20 mgal; iron depletion was de®ned as a normal Hb and SF`12 mgal; and iron de®ciency anaemia as Hb`120 gal and SF`12 mgal (Cook and Finch, 1979) . It has been suggested that a higher cut-off value for SF (`20 mgal) be used in populations where infections andaor in¯amma-tory diseases are highly prevalent to assess risk of iron de®ciency (Cook and Finch, 1979) .
To assess the relationship of serum vitamin A concentration with Hb and other iron indices, the girls were divided into three groups to produce approximately equal numbers in each group based upon the distribution of serum vitamin A. For each third, mean concentrations of Hb and other iron indices were calculated, and the statistical signi®cance of the differences between groups assessed by one-way analysis of variance followed by Duncan's multiple range test. Pearson's correlation test was performed to examine the association of Hb concentration with various iron indices and serum vitamin A concentrations. Finally, backward stepwise multiple regression analysis was done to examine the independent relationship of Hb concentration with various social, dietary and biochemical factors. The data were analysed using SPSSaPC version 4.1.
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Results
The mean age of the study participants was 14.2 + 1.3 y. The girls came from families in which the parents had achieved at least moderate education level. Only 11% of the fathers and 22% of the mothers were illiterate. Seventyseven percent of the subjects' fathers had either jobs or businesses, and only 15% were farmers. Ninety-one percent of the mothers were housewives. Sixty percent of the girls came from medium size households consisting of ®ve to seven members, and 18% came from relatively low-income families, earning less than 2500 Taka (46 Taka 1 US$) per month. The majority (59%) of families owned no cultivable land. Eighty-six percent of the girls resided on homesteads owned by their families. Nearly sixty percent of the families lived in houses built of thatch, straw, clay etc, 69% had hygienic latrines and almost all (99%) families used tube well water in cooking and other household purposes.
Mean ( + s.d.) body weight, height, weight-for-age, height-for-age and body mass index (BMI) of the girls are shown in Table 1 . The prevalence of stunting increased from 11 to 15 y of age, with 28% of the girls being stunted on average (Figure 1 ). For the group as a whole, 13.5% of the girls were thin based on BMI for age, and 7% were overweight (weight-for-height b120%).
The mean frequency of weekly consumption was for eggs 1.9, milk 3.1, meat 2.1, liver 0.2, large ®sh 3.8, small ®sh 5.5, dark green leafy vegetables (DGLV) 2.9, and fruits rich in vitamin C 3.5. A substantial proportion of the girls did not consume any eggs (36%), milk (36%), meat (39%) and vitamin C rich fruits (30%) in the week preceding the interview, while 60% of the girls consumed small ®sh, 44% consumed large ®sh and 31% of the girls consumed DGLV at least four times a week. Mean ( + s.d.) Hb concentration was 125.6 (+ 11.6) gal (Table 2) . Twenty-seven percent were below the cut-off point for anaemia for girls in this age group, 120 gal for Hb. Table 2 also shows the data on serum iron, TIBC, TS, SF and serum vitamin A. Thirty-one percent of the girls had low serum iron (`10.75 mmolal). Using a cut-off point of 16% for serum TS, 21% of the girls had iron de®cient erythropoiesis, and 17% of the girls had depleted iron stores judged by SF (`12 mgal). Thirty-nine percent of the participants had serum vitamin A less than adequate level of 1.05 mmolal, with only 3% having sub-clinical de®ciency.
Further analysis was done to examine the distribution of the participants by iron de®ciency and iron de®ciency anaemia. Of the anaemic girls, 32% were found to have iron de®ciency anaemia (Hb`120 gal and SF`12 mgal). Although the girls in our study were apparently healthy, we did not have any information regarding concurrent subclinical infection. Using a more inclusive cut-off of SF of`2 0 mgal instead of`12 mgal, a total of 44.2% were found to have iron de®ciency anaemia. Among the girls with normal Hb ( 120 gal) level, 11.7% were iron depleted (SF`12 mgal) and 9.2% had low iron stores (SF 12 ± 20 mgal).
The relationships of serum vitamin A level with Hb and other iron indices of the girls are shown in Table 3 . The girls were divided into three groups of approximately equal size based upon the distribution of serum vitamin A concentration. The mean concentrations of Hb and other iron indices were calculated for each third. As the serum retinol level increased, the mean levels of Hb, serum iron and SF increased. However, the differences between groups were statistically signi®cant for Hb and SF only.
There were signi®cant positive correlations between the levels of Hb and serum iron (r 0.27; P 0.000), TS (r 0.26; P 0.000), SF (r 0.29; P 0.000) and serum vitamin A (r 0.32; P 0.000), but a negative correlation with serum TIBC (r À0.22; P 0.000). Factors in¯uen-cing Hb level of the girls were examined in more detail ) 17.9 2.3 Figure 1 The degree of stunting and thinness of the girls at schools in peri-urban Bangladesh. Anaemic and iron de®cient adolescent girls in peri-urban Bangladesh F Ahmed et al using a backward stepwise multiple regression analysis (Table 4 ). In the analysis, age, BMI, per capita income, parent's education, cultivable land, occupancy, prevalence of morbidity, frequency of consumption of eggs, milk, meat, liver, small and large ®sh, DGLV and fruits, serum iron, TIBC, TS, SF and serum vitamin A were included. Using a P of b0.10 for exclusion, only occupancy, frequency of intake of large ®sh, serum iron, TIBC, TS, SF and serum vitamin A were found to be signi®cantly related to Hb. The overall F-ratio was 21.8 (d.f. 7) and was highly signi®cant (P 0.0000). The adjusted r square was 0.244 (multiple r 0.505). For 1 mgal change in SF level there was 0.046 gal change in Hb, taking into account all the other factors in the equation.
Discussion
This study reports on the extent of iron de®ciency anaemia among adolescent schoolgirls in peri-urban Bangladesh. We are not aware of any other report that has characterized iron status of this population using the SF. Adolescent schoolgirls of Bangladesh were chosen as the subjects of this study because these girls are likely to become pregnant and their growth during adolescence will in part have an impact on their ability to carry a successful pregnancy, and thereby determine the well-being of the next generation. These girls mostly came from modestly educated families, but lived in a peri-urban setting with relatively low to modest socioeconomic background. The study did not include adolescents who were not attending schools and did not, therefore, include girls from the peri-urban poor. Girls who attend school are likely to come from backgrounds that represent better education as observed from the socioeconomic data and, therefore, the study subjects may not be representative of the wider population. If height is taken as the most representative characteristic for overall growth and development (Waterlow and Schurch, 1994) , 28% of the girls showed evidence of stunting on the basis of height-for-age below the third percentile, indicating that a large proportion of the girls were suffering from chronic energy de®ciency. Further, the prevalence of stunting was nearly three times that of adolescent school girls in Dhaka city (Ahmed et al, 1998) . In the present study, about 13.5% of the girls were thin based on BMI for age and 7% overweight (weight for height b120%), which is very similar to 16% thin and 10% overweight in the earlier study in urban adolescent school girls (Ahmed et al, 1998) .
The data on dietary pattern of the girls revealed very low intakes of eggs, milk and meat, rich sources of protein and some important micronutrients. It appears that 25% of the girls did not eat large ®sh at all and another 36% ate them occasionally, indicating the possibility of inadequate protein intake. Quantitatively, the usual portion size of the small ®sh is very small and its contribution as a source of protein in the diet is negligible. On the other hand, the portion size of a large ®sh is usually considerable in amount and thus may contribute a substantial amount of protein in this population.
To determine the prevalence of iron de®ciency using a single criterion, the Hb concentration de®nes anaemia, the TS de®nes iron de®cient erythropoiesis, and the SF de®nes iron storage depletion (INACG, 1985) . In the present study, 27% of the girls were anaemic (Hb`120 gal), none with severe anaemia. For the group as a whole, 21% had iron de®cient erythropoiesis (TS`16%) and 17% had depleted iron stores (SF`12 mgal). The limitation in using the Hb level as a single criterion for iron de®ciency is that it not only lacks speci®city but is also relatively insensitive as there is a marked overlap in haemoglobin levels between normal and anaemic individuals (Garby et al, 1969) . Further, the problem of overlapping values between normal and abnormal populations also applies to serum TS because of limited precision (Cook and Finch, 1979) . Although SF is considered to be the most sensitive indicator of iron status, it should be mentioned that ferritin concentrations in serum can be in the normal range independent of iron de®ciency in conditions of in¯ammation, concurrent infection, or liver disease (Siimes et al, 1974; Abshire and Reeves, 1983) . On the basis of combined cut-off points for Hb and SF concentrations (Hb`120 gal and SF`12 mgal), the present study indicates that iron de®ciency anaemia is a public health problem among adolescent schoolgirls of peri-urban Bangladesh, but unexpectedly constituted only about 32% of all anaemic girls. More recently, a study using the relative operating characteristics (ROC) curve testing, has investigated the sensitivity and speci®city of SF as an indicator of iron de®ciency, and showed that a cut-off value of 41 mgal for SF could provide the optimal diagnostic ef®ciency for iron de®ciency among anaemic subjects (Punnonen et al, 1997) . In the present study, using the cut-off limit of 41 mgal for SF about 72% of the girls were found to have iron de®ciency anaemia. However, it is noteworthy that still nearly a third of the anaemia in the girls could not be accounted for by iron de®ciency. Recently, Kolsteren et al (1999) reported that 77% of the non-pregnant women from urban slum of the north-western part of Bangladesh had iron de®ciency anaemia using the cut-off value of 41 mgal. It may, however, be mentioned that now serum transferrin receptor is considered to be the more reliable indicator for the assessment of iron de®ciency (Ferguson et al, 1992) , thus the present study merits further investigation.
A large number (39%) of our subjects had inadequate serum retinol concentration (`1.05 mmolal), and we found a signi®cant association between Hb and serum retinol levels. To further explore any relation between different levels of serum vitamin A and various iron indices, the subjects were divided into three groups on the basis of serum retinol concentrations. For each third, the mean Hb and other iron indices were calculated. The result of analysis of variance showed that the girls with lowest serum retinol level had lower Hb and SF levels, indicating that marginal vitamin A status might compromise iron metabolism and hence Hb formation. An association of lower serum retinol with lower iron indices, including Hb, has also been reported in children (Bloem et al, 1989) , adolescent girls (Ahmed et al, 1996) , and in pregnant women (Suharno et al, 1992) . A depressed iron uptake by bone marrow and hence Hb formation has been suggested to be one of the mechanisms (Beyen et al, 1992; Mejia, 1992) . A recent study suggests that vitamin A may also increase absorption of iron from forti®ed food two-fold and that it prevents the inhibitory effects of dietary phytates on iron absorption in humans (Garcia-Casal et al, 1998) .
Finally, the ®ndings of the multiple regression analysis revealed that Hb concentration was independently signi®-cantly related to occupancy, frequency of consumption of large ®sh, various iron indices and serum vitamin A levels. The occupancy may be considered as a proxy of socioeconomic condition, and our data revealed that the girls who lived in rented houses (occupancy) had lower Hb level, suggesting that socioeconomic condition may be an important factor in maintaining normal Hb. A number of studies have also shown that children from lower socioeconomic group are more likely to have lower Hb level (Pollitt and Leibel, 1976; Ahmed et al, 1992) . As has already been mentioned, large ®sh intake is considered to be an important source of dietary protein in this population, and protein status is closely related to Hb synthesis. Further, the results show that for a 1 mmolal change in serum vitamin A there is a 10.1 gal change in Hb level, taking other factors into account, a ®nding similar to that observed among adolescent schoolgirls in Dhaka city (Ahmed et al, 1996) . Finally, the adjusted r square was found to be 0.244, suggesting that the variables in the equation accounted for 24.4% of the variance in Hb concentration.
In conclusion, the results suggest that anaemia among peri-urban Bangladeshi adolescent schoolgirls cannot be solely explained by iron de®ciency. Other causes may also exist in the population. The ®ndings of the present study have important implications on the iron supplementation programmes. Frequently the effectiveness of the programmes is found to be poor, which has become a major concern (UNACCaSCN, 1991; Schultink and Gross, 1996) . Our data reinforce the suggestion that programmes designed to reduce anaemia should also aim to improve vitamin A status (Bloem, 1995) .
